In this issue, Witte and colleagues describe the ability of IL-29, a type III interferon, to induce keratinocyte expression of CXCL9, CXCL10 and CXCL11, three chemokines implicated in the trafficking of activated Th1 T cells into sites of inflammation [1] . Given that Th17 cells may be the principal source of IL-29, this finding both strengthens the role of Th17 cells in antiviral defenses and may help explain the mixed Th1/Th17 phenotype seen in psoriasis, a common inflammatory skin disease.
Immune competence at the epithelial barriers of the gut, lungs and skin takes a concerted effort from the epithelial cells themselves, antibodies, complement, and both resident and infiltrating immune cells to be able to mount a timely response to a barrier breach and invasion by potentially pathogenic microbes. T cells fulfill a vital defensive role in the epithelia, with non-recirculating tissue resident memory T cells providing rapid specific immune protection against the pathogens most commonly encountered in barrier tissues, supported by innate immune cells and circulating T cells that can be called upon as needed [2, 3] . One trade-off of having a battalion of heavily armed T cells within the tissues is that loss of control or dysregulation of these cells can initiate and sustain chronic autoimmune and inflammatory diseases, such as Crohn's disease, multiple sclerosis and psoriasis. Over the last decade, the contribution of Th17 cells has been recognized as a vital aspect of immunity at epithelial barriers [4] ; however, Th17 cells and IL-17A have also been implicated in a number of their pathologies [5] .
IL-17A is a potent inducer of antimicrobial protein and peptide expression by epithelia. In the skin, IL-17A works synergistically with several cytokines including IFN-γ [6] and TNF-α [7] to potently drive the induction of a range of antimicrobial peptides and proteins including S100A7, A8 and A9, the cathelicidin LL-37 and human β-defensins (HBD)-2, 3 and 4. Working in concert, these antimicrobial peptides provide a broad spectrum of antibacterial activity and have also been demonstrated to have efficacy against some viruses [8] . In addition to their antimicrobial activities, the defensins have roles in the regulation of both innate and acquired immunity. HBD-2, 3 and 4 induce pro-inflammatory cytokine expression (IL-6, CXCL10, CCL2, CCL5 and CCL20), and the migration and proliferation of keratinocytes, promoting wound healing [9 ] . HBD-2 is also a chemoattractant for macrophages, mast cells, activated neutrophils, memory T cells and dendritic cells (DCs) [10] . The converse is also true: when used at a high enough concentration, chemokines like CCL20 have been shown to possess antimicrobial activities [11] .
Plaque psoriasis is a common inflammatory disease of the skin, thought to be driven by Th1 and Th17 T cells unleashing a Bcytokine storm^, inducing keratinocyte hyperproliferation and perturbed epidermal maturation, resulting in a compromised epidermal barrier characteristic of the disease [12] . Elevated expression of antibacterial peptides and proteins in lesional psoriasis skin is well established, with an extensive inflammatory cytokine milieu driving antimicrobial peptide expression [13] , some of which are amongst the most highly upregulated molecules in lesional psoriatic skin [14] . IL-17A is also a potent inducer of an array of antiviral genes such as myxovirus resistance A (MX1) and oligoadenylate synthetases (OAS); thus, Th17 T cells have the potential to contribute to antiviral defenses at epithelial barriers. In addition to increased expression of antimicrobial peptides, antiviral protein expression has been shown to be elevated in lesional psoriasis epidermis [15] . Compared with non-lesional skin, psoriasis lesions show elevated MX1, BST2, ISG15 and OAS2 mRNA and protein expression, and although these genes can be induced by a number of cytokines (particularly type I interferons), the antiviral gene expression was found to most closely correlate with the expression of IL-29 [15] . The finding that Th17 cells also secrete IL-29 [15] suggests that Th17 cells have an additional means to bolster antibacterial and antiviral epithelial defenses.
IL-29 is a member of the IL-10 cytokine superfamily, which is an enigmatic collection of structurally related cytokines encompassing IL-10, the IL-20 subfamily (IL-19, IL-20, IL-22, IL-24, IL-26) and the type I interferons (13 IFN-α proteins, one each of IFN-β, IFN-ε, IFN-κ and IFN-ω), the type II IFN-γ and three type III IFNs-λ. This family is brought together largely on the basis of their related secondary structure with 6 or 7 α-helices in an antiparallel conformation. Despite their classification in the same family, these cytokines have little functional overlap, but can be assigned into functional subgroups. This family's figurehead, IL-10, is functionally unique; it is one of the principal immunosuppressive cytokines, preferentially produced by and acting on immune cells. Next, IL-19, IL-20 and IL-24 appear to be pro-inflammatory, produced mostly by monocytes and tissue cells, and acting on tissue cells but not cells of the immune system. Finally, IL-22 and IL-26 appear to be produced only by T and NK cells and were thought to act only on tissue cells but not immunocytes, but recent work has extended this, finding that IL-26 can bind DNA from dying cells and stimulate plasmacytoid DCs via TLR9 to promote bacterial sensing [16] .
The antiviral cytokine IL-29 is one of the trio of type III interferons: IL-29 (IFN-λ1), IL-28A (IFN-λ2) and IL-28B (IFN-λ3). All three cytokines signal through a dimeric receptor composed of the IL-10Rβ subunit (also used by IL-10, IL-22 and IL-26) and their own dedicated IL-28Rα subunit in a manner similar to the type I IFNs, utilizing Jak1 and Tyk2 as adapters initiating phosphorylation and activation of STAT1 and STAT2 which, when active, bind IRF9 forming the IFNstimulated gene factor-3 (ISGF3) transcription factor. The ISGF3 and STAT1 homodimers can bind ISRE and GAS DNA sequences driving the transcription of genes typically induced by type I IFNs (e.g., MX1, OAS2). As such, much of the early investigations into the IFN-λs focused on their type I IFN-like antiviral properties, yet receptor engagement by IL-29 also induces the phosphorylation of STAT3, STAT4 and STAT5, suggesting a role not limited to typical antiviral functions. The usage of STAT molecules that are known to be important in the induction of T cell cytokine bias leads investigators to examine the ability of IL-29 to alter the cytokine profile of cultured T cells and DC. They found that IL-29 promotes IFN-γ but suppresses IL-13 production from T cells, and promotes IL-12 but suppresses IL-10 expression by DC, thus in principle, having the ability to alter the cytokine bias of T cell responses [17] , which could be a means of directing the acquired immune system during viral infections. As mentioned above, IL-29 shows increased expression in psoriasis lesions [15] , the source of which appears to be primarily Th17 T cells although Th1 T cells may also contribute [15] . It has been reported that keratinocytes themselves may also produce IL-29 when challenged with virus [18] . Other documented sources of IL-29 include monocytes, myeloid DC, but not macrophages [19] .
In the present work, the authors find that IL-29 preferentially induces keratinocyte expression of CXCL11 [1] , and this adds possible new roles for Th17 cells and IL-29 in controlling the immune response in epithelia. Directional leukocyte migration is required for physiological circulation and homing of leukocytes to the lymphoid organs and epithelia. Leukocyte migration is directed by a combination of cellsurface-expressed molecules, termed addressins, such as intercellular adhesion molecules, selectins, integrins and their ligands, and a group of about 50 small and soluble chemotactic proteins, the chemokines and their receptors. CXCR3, or more formally CXCR3A, to distinguish it from the CXCR3B spliced variant that also binds CXCL4 [20] , is a G αi coupled 7 transmembrane domain receptor for the chemokines CXCL9, 10 and 11. These three ligands function as potent chemoattractants for cells expressing CXCR3A, including Th1 and Th1/Th17 CD4 + T cells, CD8 + T cells and NK cells. Thus, we can envisage a scenario where Th17 cells infiltrating the skin release IL-29 and induce keratinocyte expression of CXCL11, a potent chemokine for CXCR3A + Th1 T cells, thus promoting further Th1 cell accumulation and helps to account for the mixed Th1/Th17 phenotype reported in psoriasis lesions [6] . Indeed, the current work shows that injection of the murine counterpart of IL-29 (mouse IL-28A) can induce ear swelling and T cell infiltration of previously sensitized skin, and this is increased when mouse IL-28A is combined with IFN-γ [1] .
It was recently proposed that chemokines can not only function to attract leukocytes but also influence and possibly re-programme T cell inflammatory responses [21] . This scenario can be played out at the CXCR3 receptor. While CXCL9, 10 and 11 all utilize CXCR3 on T cells, CXCL11 has the strongest affinity and on binding CXCR3 signals via STAT3/STAT6, using the GATA3 transcription factor resulting in a Treg (IL-10) or Th2 (IL-4) T cell phenotype; CXCL9 and CXCL10 on the other hand drive a Th1/Th17 T cell (IL-17A/IFN-γ) bias. These observations suggest that rather than drawing memory-effector Th1/Th17 cells into tissue to exacerbate inflammation, CXCL11 has the potential to draw in T cells and by altering their cytokine bias, restrain inflammation. Thus, the production of IL-29 by Th17 cells could be an attempt to engage a regulatory mechanism which alters the cytokine production of infiltrating cells so limiting inflammation (Fig. 1 ). This alternative scenario is supported by the observation that TR1 cells also secrete IL-29 [18] ; thus, IL-29 may be part of a feedback inhibition pathway that could be exploited to interrupt and reverse the inflammatory cycle.
Although often overlooked, chemokines are also regulated post-translationally by glycosylation and proteolytic processing [22] , and the CXCR3A ligands are no exception to this, with the mature chemokines being targets of both CD13 (aminopeptidase N) and CD26 (dipeptidyl peptidase IV). Such processing adds an extra level of regulation to CXCR3A ligand activity: stimulated T cells, while upregulating CXCR3A on their surface, also upregulate CD26 expression, which has been shown to cleave the N termini of CXCL9, 10 and 11 (with the fastest rate for CXCL11) causing a loss of stimulation via CXCR3A, a reduced chemotactic potential but retention of the ability to desensitize the receptor [23] .
If the IL-29-CXCL11 axis is indeed anti-inflammatory, there are a number of resources available to exploit this phenomenon: a stabilized CXCL11-Ig fusion protein [21] , PEGylated-IL-29 or small molecule inhibition of CD26 (sitagliptin) to potentiate CXCL11 activity [24] could all be employed to re-programme resident or infiltrating Th1/Th17 T cells in psoriasis lesions towards an anti-inflammatory IL-10-producing phenotype. However, it is currently unclear whether IL-29 and CXCL11 are aiding and abetting a proor anti-inflammatory response, although CXCL11 is increased in the serum of psoriasis patients [1] , but it is unknown whether this is active CXCL11 or proteolytically truncated, inactive chemokine. 
